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1. 3 H-4-Aminobiphenyl (ABP, 5 mg) given i.p. to rat had elimination half-lives of 
15'6, 17 and 17 h, respectively, for urinary, faecal and total 3 H elimination. ! *C-ABP 
administered orally to rats at lOOmg/kg gave elimination half-lives of 31, 36 7 and 34 h, 
respectively, for urinary, faecal and total “C elimination. 

2. Semi-log plots of percentage dose remaining in the body versus time indicated that: 
(i) 82%of J 11 activity was excreted in 36 h with a half-life of 14-4 h and 18% with a half-life of 
46-2 h, and (n) 77% of 14 C activity was excreted in 48 h with a half-life of 1 5 h and 23% with a 
half-life of 180 h. 

3. After i.p. injection of lOmg/kg l3 C-ABP to rats, fcrrihaemoglobin (HhFe 3 '*') conen 
increased to 60% in 2h, accompanied by accumulation of 14 C activity in erythrocytes, 
indicating that the active metabolite, JV-hydroxy-4-aminobiphenyl (A'-hydroxy-ABP) had 
Oxidized haemoglobin-Fe 33 (Hbbe zi ) and was bound to the erythrocyte. 

4. ARP given i.p. to rats at 0-24 mmol/kg rapidly appeared in blood, disappeared with a 
half-life of 30min, and blood concn plateaued at 30 nmol/ml. The concn of 4-acetvl- 
aminobiphenyl (AABP) plateaued at 17nmo!/ml after 15 min, indicating a dynamic 
equilibrium between JV-acetylation of ABP and AT-deacetylation of AABP. The concn of 
4 r -hydroxy-4-acetylaminobiphcnyI (4'-hydroxy-AABP) increased slowly at l'65nmoI/h. 

5. AABP given i.p. to rats at 0-88 mmol/kg slowly appeared in the blood, accompanied 
by the appearance of ABP and 4 -hydroxy-AABP and formation of HbFc 34 . After 4h the 
concn of AABP and ABP was 27—35 mmol/ml, indicating a dynamic equilibrium between 
jV-deacetylation of AABP and acetylation of ABP. Neither -V-bvdroxy-ABP nor .V- 
hydroxy-4-acctylaminobiphenyl (/V-Viydroxy-AABP) were found. 


Introduction 

| 4-Aminobiphenyl (ABP, figure 1) was first suspected by Melick et al. (1955) to 

l' induce bladder cancer in workers in dye and rubber factories, and was shown to be a 
carcinogenic aromatic amine in animal experiments (Walpole et at. 1952). ABP was 
shown by Nony et al. (1980) to be a urinary metabolite of Direct Black 38 (see 
j figure 1) in hamsters, but the metabolic pathway? by which 4-aminobiphenyl was 

released from the dye remain unknown. ABP was also found in cigarette mainstream 
| and sidestream smoke (Patrianakos and Hoffman 1979) and found to increase the risk 

of smokers for bladder cancer (Cole et al. 1971, Miller 1977, Wynder and Goldsmith 
j 1977). To assess the risk to humans of ABP exposure we searched for a target organ 

i to which ABP has a high affinity. 

j Klingenberg (1891) first detected the strong ferrihaemoglobin-forming activity 

•. of ABP in dogs, and because ABP does not oxidize haemoglobin in erythrocytes 

> 
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j fTo -whom correspondence should be addressed. 
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Figure 1. Formulae for 4-aminobiphenyl (ABP) and Direct Black 38. 

in vitro (Lenk and Sterzl 1984), biochemical activation in the liver (McMahon 
etal. 1980) is a prerequisite for HbFe 3 + -forming activity. Uehleke (1963) found that 
ABP surpassed other aromatic amines in the rate of enzymic JV-hydroxylation in 
vitro and produced the highest HbFe 3+ concentration in vivo. Later, L^ehleke and 
Nestel (1967) established a relationship between the dose of ABP injected into cats, 
the blood concentration of N-hydroxy-4-aminobiphenyl, and HbFe 3 + conen. 

Green et al. (1984) found that 5% of a dose of 3 H-ABP was bound to the SH- 
groups of rat haemoglobin after being iV-hydroxylated in the liver. Chronic dosing 
caused accumulation of a stable adduct to a level that was 30 times higher than that 
found after a single dose. Cessation of dosing caused a decrease of bound 3 H activity 
by 2-5% per day, i.e. 3 H activity was eliminated more rapidly than was rat 
haemoglobin, which is removed at a rate of 1-7% per day (Port and Thurnham 1983). 
Therefore these authors proposed using such adducts as dosimeters for arylamine 
exposure in humans; such biomonitoring would be used not only for ABP, but also 
for other arylamines (Birner and Neumann, 1988). 

We now report on studies of ABP in rat in vivo. 

Materials and methods 

Chemicals 

4-Aminobiphenyl (ABP, Fluka AO, D-7910 Neu-Ulm) distilled in vacuo and recryst, from ethanol- 
water (1:1 v/v), 

4-Acetylaminobiphenyl (AABP), prepared by acetylation of ABP with acetic anhydride in ether and 
recryst. from ethanol-water (1 : 1 v/v) had m.p. 172°C; Hubner and Osten (1881) found 169-171 C C. 

N-Hydroxy-4-aminobiphenyl (AT-hydroxy-ABP), prepared from 4-nitrobiphenyl with ammonium 
chloride and zinc dust in ethanol-ethylene glycol monomethylether according to Lees and Burawoy 
(1963) and purified by recrystn from benzene, m.p. (dec.) 148°C (Bell et al. 1926, found 152-154*0. 

JV-Hydroxy-4-acetylaminobiphenyI (JV-hydroxy-AABP) was obtained from N-hydroxy-ABP by 
acetylation with acetyl chloride in tetrahydrofuran. The primary product, iV-acetoxy-4- 
acetylaminobiphenyl, was hydrolysed with 1 : 1 mixture of cone, ammonia soln (33%, sp. gr. 0*885) and 
water at 60 a C, and the iV-hydroxy-AABP was extracted with ether. The ether soln was shaken with 2 m 
N aOH to extract the iV-hydroxy-AABP into the aqueous phase. The alkaline extracts were acidified with 
2 m HC1, the ppt. dissolved in ether and the ether soln. evaporated in vacuo . The residue was recryst. from 
small volumes of ethyl acetate, m.p. (dec.) 146°C (Miller et al. 1961, found 144-I46°C). in methanol 
= 275 nm, 75 = 22 720; in basic methanol = 310, 245 nm. Mass spectrum: 227 (24%, M + ), 211 (10%, 
M-I6), 185 (86%, M-42), 168 (100%, M-(42 + 16». 

4-Nitrosobiphenyl was prepared by oxidation of iV-hydroxy-ABP with sodium metaperiodate. After 
addition of a soln. of 1*25 g NaI0 4 in 15 ml water to a soln. of 1 g A r -hydroxy-ABP in 285 ml methanol 
containing 15 ml ethylene glycol monomethylether at 0°C, a ppt, formed which was removed and 
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discarded. 4-Nitrosohiphenyl was precipitated by adding water to the reaction mixture. This was filtered 
off, dissolved in toluene, and the soln. stirred with silica gel to remove impurities. After removal of the 
silica gel and evaporation of the sutn. in vacuo, 0 7 g4-nitrosobiphenyl were obtained, m p 73°C, Lees and 
Burawov (1963) found 70 a C. 2„„ in methanol =341 nm; e J4 , = 18 180. Mass spectrum: 183 (76%, M + ), 
153 (96%, M-30). 

4 -NicrobiphenyJ was purchased from Fluka AG, Neu-Ulm. Ethylene glycol monomethylether, ;V-(i- 
naphthyl)-ethylencdiaminedihydrochloride,potassium ferricyanide, KCN, NaNOj,sodium metaperio- 
datc, chloroform, methanol, CCI 4 , and cone. H 2 S0 4 were from E, Merck AG, D-6100 Darmstadt. 
Ammonium sulphamidate was purchased from Riedel-de Haen AG, D-3016 Seelze. 

1 Diethyl ether was gift of Verband der Chemischen Industrie e V,, D-6000 Frankfurt/M, and distilled 

prior to use. 

T.I.c, was carried out on precoated plates of silica gel 60 F 35i purchased from E. Merck. Darmstadt. 

Isotope-labelled 4-ammobipheuyl. 4-Amino[U- 11 C]biphenyl was purchased from Du Pont de Nemours 
(Deutschland) GmbH, NEN Products Division, D-6072 Dreieich, and had a specific activity of 
14-2mCi/mmol. 

4-Amino[3, 5- J f Ijlbiphenyl was prepared from 4-amino-3,5-dibromobiphenyI by reduction with 
3 H-NaBH„ (Amersham-Buchler GmbH Co KG, D-3300 Braunschweig) and purified by t.l.c. prior to 
use. Its specific activity was 393 8 mCi/mmol. 

[U- ltl C]Toluene and 3 HjO, which were used as internal standards, were also purchased from 
Amersham-Buchler, Braunschweig. 

Zintol-X (scintillation fluid) and Zintox (for absorption of CO,) were products of Zinger, D-6000 
Frankfurt,'M. Pico-Fluor TM 30, which was alternatively used as a scintillation fluid, was from Packard, 
D-6000 Frankfurt/M. 

Biological material. Male and female Sprague-Dawley rats, 200—300 g body wt, were used for the 
experiments in vivo. Rat blood was obtained from rats of 350-4-50 g body wt after ether narcosis by 
draining the abdominal aorta. Blood clotting was prevented by heparin, purchased from Hoffman-La 
Roche AG, D-7S87 GfenZach-Wyhlen. 

Methods 

Dosing and blood withdrawal. ABP and AABP were finely ground, suspended with 0'25% agar (prepared 
with 09% saline) and injected i.p. in rats. At times indicated, animals were anaesthetized with ether, and 
blood was withdrawn from the abdominal aorta. In the case of 3 H- or 14 C-ABP, blood was obtained by 
heart puncture. 

HbFe** concn and total Hb. These values were determined according to Evelyn and Malloy (1938) and 
modified by Kiese (1974). 

Determination of 4~aminobiphetiyl{ABP) y 4-acetylaminobiphenyl{AABP) t and 4'-hydroxy ^4- 

I acetylaminobipheny 1(4' -hydroxy- A ABP) in rat blood. Blood (4 ml) from rats injected with 40 mg/kg ABP 

was haemofysed by adding 16 ml ice-cold water, and the haemolysate passed through a column of 
j Cxtrelut*. The adsorbed metabolites were eluted with 60ml ether, and the ether soln evaporated in vacuo . 

The residue was dissolved in 10 ml methanol and aliquots injected into the h.p.I.c. system. 

Blood from rats injected with 185 mg/kg AABP was haernolysed by adding 20ml ice-cold water, and 
the haemolysate extracted twice with 25 ml ether. The two ether phases were combined and shaken with 
1 M NaOH to remove acidic metabolites from the neutral and basic metabolites in ether 1. The aqueous 
phase was acidified and extracted with ether (eiA«r 2), which contained the acidic metabolites. To remove 
any 4-nitrosobiphenyl bound to HbFe 2 + , the haemolysate was oxidized by addition of 1ml 10% 
K 3 Fe(CN) fi and shaken with ether ( ether J). The three ether extracts were evaporated in vacuo, the residue 
i dissolved in methanol, and the methanol solns. analysed by h.p.I.c. 

, H.p.I.c. of various derivatives of 4-aminobiphenyl{ABP ). Neutral and basic metabolites of ABP were 

separated and detected with a 1084 A analyser (Hewlett-Packard GmbH, D-6380 Bad Homburg) using an 
j automatic sampler, a detector with variable wavelength, and an LC terminal 79850. A ^-Bondapak Cj 0 - 

column (Waters Millipore GmbH, D-6236 Eschborn) and a mixture of methanol-water (70; 30, v/v) was 
. used. Flux rate was T5ml/min and pressure 2500 psi. The following retention times ( R t ) were observed 

for the authentic compounds; N- hydroxy-ABP, 2 8 min; ABP, 3 3 min; AABP, 3-8 min; 4-nitrobiphenyI, 

^ 67min;4-nitrosobiphcnyl, 7‘2min. 4-Nitro- and 4-nitrosobiphenyl were detected at 350 nm, the others 
at 254 nm. 

Possible acidic metabolites were resolved with the solvent methanol-water-acetic acid (49 :49 : 1, by 
vol.), detection was at 254nm. The following retention times (/?,) were observed: 4"-hydroxy-AABP, 
5*2min; 2'-hydroxy-AABP, 7 2min; 3-hydroxy-AABP, ll'lmin; iV-hydroxy-AABP, l6‘2min(broad)- 
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Direct determination of N -hydroxy-4-aminobiphenyl (N - hydroxy -A DP), 4-nitrosobiphenyl, and 4-amino- 
biphenyl (ABP) in rat blood. For the direct determination of iV-hydroxy-ABP, 4-nitrosobiphenyl and 
ABP the method of Herr and Kicse (1959), modified by Lenk and Sterx (1986) was used. 

Two aliquots of l ml blood containing ABP and A/-hydroxy-ABP or 4-nitrosobiphenyl were 
haemolysed by addition of 8 ml ice-cold water. The haemolysate was mixed with 6 ml CCl 4 and 01 ml 10% 
K 3 Fe(CN ) 6 and shaken for 10 min. After centrifugation for 5 min the supernatant was discarded and the 
CC1 4 phases transferred to graded 10ml cylinders with stoppers. 

The CC1 4 solns in which AT-hydroxy-ABP was determined as 4-nitrosobiphenyl were shaken with 
25 M H 2 S0 4 to remove ABP, and once with water to remove traces of acid. Those CCI 4 solns in which the 
sum of ABP and 4-nitrosobiphenyl was determined, were not washed with acid. After reading the volume 
of the CC1 4 phases, 2 ml 100% acetic acid and(1*1 ml 20% aqueous NaNO z soln were added for diazotation. 
The mixture was shaken frequently for 15 min. then 0 5 ml 50% aqueous ammonium sulphamidate soln 
was added to remove excess NO/N0 2 . After 1<1 min a test with potassium iodide—starch paper should be 
negative, otherwise a second vol. of sulphamidate was added. Por azo-coupling,0T ml 05% aqueous AT-(1- 
naphthyl)-ethylenediamine dihydrochloride was added and the mixture occasionally shaken. After 
standing overnight in the dark at 4°C, separation of the upper blue acetic add phase from the CCI 4 phase 
was complete. The absorbancy of the blue soln was read with a Zeiss PMQ III spectrophotometer in the 
dark at 580 rtm against a blank prepared from blood without additive. If the CC1 4 phases were yellow this 
indicated saturation of the acetic acid phase with the azo dye, and it was shaken a second time with 80% 
acetic acid The absorbancy was read next day after standing in the dark at 4°C, and was added to that of 
the first extract. 

To express absorbancy at 580 nm in cc-ncns of ABP and 4-nitrosobiphenyL calibration curves were 
prepared with increasing conens of jV-hydroxy-ABP in bovine and rat blood and with a mixture of jV- 
hydroxy-ABP and ABP. The slope of the calibration curve for the sum of .V-hydroxy-ABP (determined as 
4-nitrosobiphenyl) and ABF was found to by AE 590 =0*192 '.jjjg per ml and 0-186/^g per ml, respectively, 
and for iV-hydroxy-ABP and ABP, minus ABP, which was removed by 2-5 m I^SO*. to be A£ 58U 
—0076 1fig per ml and 0*068//ig per ml, respectively. From the difference of the two calibration curves, 
i.e.: (i) the sum of /v'-hydroxy-ABP and ABP, minus (ii) jV- hydroxy- A BP, the slope of calibration curve 
for ABP wus found to be AE si0 — 0T 15/gg per ml and (J-l 18/gg per ml, respectively, for bovine and rat 
blood. 


Determinatir/n of radioactivity in urine, faeces, and blood . l4 C or activity in the urine of rats was 
determined with a liquid scintillation counter Mark 11 of Searle Analytic Inc., Des Plaines, III,, using l4 C 
toluene or 3 H z O as an internal standard. Aliquots of rat urine in triplicate w ere mixed with 1 5 ml Zintol-X 
in scintillation vials of polythylcne and counted, Total dpm were determined from the cpm and the degree 
of quenching with a computer program. 

For determination of J4 C activity in rat blood and faeces, aliquots of dried faeces and blood were burnt 
in an O z atmosphere to C0 2 . which was absorbed by 5 ml Zintox after cooling. The round-bottomed 
flasks were shaken for 5 min, 10ml Zintol-X was added, mixed, and aliquots in triplicate counted in the 
liquid scintillation spectrometer. 

For determining 3 H activity in faeces, aliquots of dried and homogenized faeces were burnt in an 0 2 
atmosphere. The flasks were stored for some time at — 63 y C to condense the 3 H 2 Q formed, 1 5 ml Pico- 
Fluor TM 30 was added and aliquots counted in triplicate in the liquid scintillation spectrometer. 


Recovery of 1 A C-aminobiphenyl bound to rat erythrocytes. Rat blood containing ,4 C activity was separated 
into plasma and packed erythrocytes by centrifugation. After haemolysis of the erythrocytes, plasma and 
haemolysate were extracted with ether and 14 C activity in the ether extracts radio chromatographed on 
precoated plates of silica 60F 25 4 using ABP, AABP, and 4-nitrosobiphenyl as reference compounds. 
After hydrolysis with L m NaOH, the haemolysate was again extracted with ether and the extracted l4 C 
activity radiochromatographed on t.l.e. plates using the same reference compounds. 

A similar expt was performed wich rat blood after the reaction with A'-hydroxy-ABP in vitro, except 
that the haemolysate was hydrolysed with 2 m HO at 1CKFC for 1 h. 

Estimation of the elimination half-lives of 14 C and 3 /f activity from urine and faeces data. In the absence of 
plasma measurements neither the apparent volume of distribution nor the renal or total clearance can be 
determined. However, since |4 C and 3 H activity in urine and faeces can be determined with high 
accuracy, useful pharmacokinetic information can be obtained from urine and faeces data, provided that 
complete recovery of 14 C of 3 H is assured (Rowland and Tozer 1989). As the daily urinary, faecal and total 
elimination of radioactivity are of interest, half-lives of total 14 C or 3 H activity following oral 
administration of 101 -104mg/kg l 4 C-ABP, or i.p. injection of 5‘61 mg 3 H-ABP, were estimated from 
cumulative urinary and faecal data and from semi-log plots of the percentage of dose remaining in the 
body versus time. 
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1 Results 

Pharmacokinetics of 4-aminobiphenyl ( ABP ) in rat 

After i.p. injection of a male rat with 5 61 mg 3 H-ABP (10‘21 /tCi), the urine and 
faeces were collected daily for 5 days and 3 H activity was determined as described 
previously. In the first 24 h a total of 66'8% of 3 H was excreted, 33-4% each in urine 
and faeces, and 18% was excreted in the second 24 h (figure 2). After 5 days 94-7% of 
* the 3 H activity was excreted, 437% in urine and 51% in faeces. Because half the 
I accumulated amount is excreted in one biological half-life (Rowland and Tozer 

’ 1989), / 1/2 was read from the cumulative total excretion of 3 H to be 17 h for total 3 H 

elimination, 15-6h for the urinary and 17 h for faecal elimination. 

After oral administration of doses of 101—104 mg/kg of l4 C-ABP to five male rats, 
urine and faeces were collected daily for 4 day's and 14 'C was determined as described 
previously; on the fifth day blood was withdrawn from the abdominal aorta and 
radioactivity determined. Only 16-5% of the 14 C activity was excreted in the first 
24 h, 12% in urine and 4-5% in faeces, but in the second 24h, 56% of the 14 C activity, 
26% in urine and 30% in faeces, was eliminated (figure 3). Because elimination of 14 C 
activity appeared complete after 4 days the t xn was read from the cumulative 
excretion of l4 C activity and was 34 for total 14 C excretion, and 31 h for the urinary 
and 36-7 h for the faecal elimination, i.e. the half-life of 14 C activity after oral 
administration of ABP was twice that after i.p. injection of 3 H-ABP. This indicates 
that absorption of ABP from the gastrointestinal tract was slow. 

An insight into the mechanism of absorption and elimination was obtained from 
the semi-log plots of the percentage remaining in the body versus time shown in 
figure 4. Of 3 H activity 82% was excreted within 36 h with a half-life of 14 4 h, and the 
remaining 18% with a half-life of 46-2 h, indicating that approx, 20% of the dose had 
I been retained by some tissue and was slowly released from it. It is also seen that 77% 

- of 14 C activity was eliminated within 48 h with a half-life of 1 5 h, and the remaining 
23% was excreted with a half-life of 180h. Removal of 14 C activity would be 



Time after dosing (days) 

Figure 2. Cumulative elimination of 3 H activity in a rat dosed i.p. with 3 H-ABP. 

After i.p. injection of 10-21/jCi 4-amint>[3, S- 3 H 2 ]biphenyl to one single rat, 3 H activity was 
determined in urine (O) and faeces (□). From the cumulative elimination of total 3 H activity (•), 
a biological half-life of 16*8 h was determined. 
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1 2 3 4 5 


Time after administration (days) 

Figure 3. Cumulative elimination of i4 C activity in rats dosed i.p. with ,4 C-ABP. 

After oral administration of 101-104 mg/kg 4-amino[U- l4 'CJbiphenyl, 14 Cactivity was determined 
in urine (O) and faeces (□). From the cumulative elimination of total 14 C activity (i),a biological 
half-life of 34 h was determined. Data are means of five animals, and SD values were <9-8%. 



1 2 3 4 5 

Time after closing (days) 


Figure 4. Cumulative urinary excretion of 3 H and 14 C activity in rats dosed with 3 H- or 14 C-ABP 

Semi-log plots of percentage of dose remaining in the body versus time for the cumulative urinary 
excretion uf 3 H activity (O) and 14 C activity (□) indicated that 82% of ’Ii activity and 77% of ,4 C 
activity were excreted with a half-life of 14-4—15 h, and the remaining 18% and 23%, respectively, 
were excreted with half-lives of 46-2 and 180h. 
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complete (=99-25%) after seven cumulative half-lives, i.e. 52-5 days, and this 
corresponds well with the life-span of 58 days for a rat erythrocyte (Port and 
Thurnham 1983). That it is the red cell, indeed, which has accumulated 14 C activity, 
is shown next. 

Distribution of l *C activity in rat blood after i.p. injection of 1 *C-4-aminobiphenyl 

To test whether erythrocytes extract ABP from blood, doses of 10 mg ABP, 
consisting of 115-6/tCi of 14 C-ABP and non-labelled ABP, in total a dose of 35- 
40mg/kg, were injected into male rats. At 5, 15, 30, 45, 60, 90 and 120 min later, 
blood was obtained by heart puncture and the distribution of l4 C activity between 
plasma and erythrocytes determined. As shown in table 1, the i4 C activity in blood 
increased 5-fold from 0-09gCi/ml after 5min to 0'492gCi/ml after 90min, 
accompanied by a 6-fold increase of the HbFe 3 + concentration from 87% after 5 min 
to 60-8% after 90 min. 

After 5 min the 14 C activity in erythrocytes was somewhat higher than in plasma, 
but after 15-30 min ,4 C activity in the erythrocytes was twice as high as in plasma, 
after 60-90 min three times higher, and after 120 min was even 4 times higher than in 
plasma. After haemolysis of the packed erythrocytes and precipitation of the proteins 
with methanol, the distribution of l4 C activity between supernatant and precipitate 
was determined. After 5 min the precipitate contained a somewhat higher I4 C 
activity than the supernatant, after 30 min the 14 C activity in the precipitate had 
increased 4-fold, after 60min 6-fold, and after 120 min even 9-fold over the 
supernatant, i.e. with increasing HbFe 3+ concn binding of l4 C activity to the 
macromolecules of the erythrocyte also increased. Because ABP did not oxidize 
HbFe 2+ in erythrocytes in vitro (Lenk and Sterzl 1984), HbFe 3+ formation and 
binding must be due to an active metabolite, most likely iV-hydroxy-ABP. 

Metabolites of 4-aminobiphenyl (ABP) and 4-acetylarmnobiphenyl (AASP ) in the 
blood of rat injected with these compounds 

In order to ascertain whether AT-hydroxy-ABP and iV-hydroxy-AABP are 
present in blood after dosing with ABP or AABP, rats were injected t.p. with 
40 mg/kg (0-24 mmol/kg) ABP, or 185 mg/kg (0-88 mmol/kg) AABP. With ABP, 
5 min after injection the concentration of ABP was maximal at 80 nmol/ml and 
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Table 1. Distribution of 14 C activity in rat blood following i.p. injection of ,4 C-4-aminobiphenyl. 




Time after 

i.p. injection (min) 


5 

15 

30 

45 

60 

90 

120 

HbFe 3+ (%) 

8-7 

31-7 

42-7 

55-7 

569 

60-8 

571 

1. Whole blood (//Ci/ml) 

0090 

0-233 

0187 

0-327 

0-355 

0-492 

0-503 

2. Erythrocytes 

0-045 

0126 

0-132 

0-191 

0-259 

0-288 

0-240 

Supernatant 

0-018 

0018 

0028 

0-027 

0030 

0040 

0-024 

Precipitate 

0024 

0091 

0-101 

0-176 

0-180 

0 240 

0-214 

3. PJasma 

0-034 

0 059 

0-072 

0-072 

0-085 

0088 

0-060 

Supernatant 

0-026 

0043 

0042 

0-056 

0 066 

0-071 

0047 

Precipitate 

0-011 

0-021 

0-030 

0-018 

0021 

0 038 

0-024 


Male rats of 249-288g body wt were injected with doses of l4 C 4 anunnhiphcnyl (115-6gCi) and 
10 mg of non-labelled 4-aminobiphcnyI, i.e. doses of 35-40mg/kg. At times indicated, blood was obtained 
by heart puncture and analysed for I IbFe 1 ' and 14 C activity. Figures are themeansfrom three animals for 
each time, with SD of < +8 8 for HbFe 34 and + 100% for gCi/ml. 
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decreased rapidly with a half-life of 30 min, plateauing at 30 nmol/ml after 60 min 
(figure 5). This indicates that ABP is readily mobilized from the abdominal cavity, 
rapidly appears in blood, and is quickly extracted from the blood, probably by the 
liver. The blood concentration of AABP, after ABP injection, increased and 
plateaued at 17 nmol/ml after 15 min, indicating a dynamic equilibrium between N- 
acetylation of ABP and iV-deacetylation of AABP. The concentration of 4'-hydroxy- 
AABP slowly increased at a rate of 1-65 nmol/ml per h (inset of figure 5). HbFe 3 + 
concentration increased to 23% at 5 min and plateaued at 56% after 45 min, 
indicating that the chemical structure of the HbFe 3 + -forming metabolite must be 
similar to that of ABP. Neither N-hydroxy-ABP nor AT-hydroxy-AABP was 
detected. 

After i.p. injection of AABP to rats, AABP appeared in the blood more slowly 
than did ABP, and the peak concentration of 89nmol/ml occurred after 90min 
(figure 6). Thereafter AABP concentration decreased and approached the con¬ 
centration of ABP at 35 nmol/ml, indicating a dynamic equilibrium between N- 
deacetylation of AABP and fV-acetylation of ABP. The concentration of ABP 



60 90 120 


Time after dosing (min) 

Figure 5. HbFe 3 1 ,4-aminobiphenyl, 4-acetylaminobiphenyl, and 4'-hydroxy-4-acetyIaminohiphenyl 
in the blood of rats dosed with 4-aminobiphenyl. 

After i.p. injection of 40 mg/kg ABP, rat blood was analysed by K.p.l.c. at different times for ABP 
(□), AABP (•), and 4’-hydroxy-AABP (inset, A); HbFe _!+ (O) was determined according to 
Kiese (1974). Data are the means of three animals, with SD values of < 100%. 
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Figure 0. HbFe J *, 4-aminobiphenyJ, 4-ucetylaminobiphenyl, and 4'-hydroxy-4-acetylatninobiphcnyI 
in the binod of rats dosed with 4-acetylsminobiphenyl. 

After i.p. injection of rats with 185 mg/kg AABP, blood was analysed by h.p.l.c. at different times 
for ABP (□), AABP (®), and 4'-hydroxy-AABP (inset, A); HbFe 1 + (C) was determined 
according to Kicse (1^74). Data are from one animal at each time point. 


increased slowly, until after 4 h it attained 27 nmol/ml. The concentration of 4'- 
hydroxy-AABP (inset of figure 6) slowly increased at a constant rate of 2 nmol/ml per 
h. HbFe 3 + concentration increased more slowly than after ABP and plateaued after 
2 h, when 53'5% HbFe 3 + was formed, indicating that the chemical structure of the 
HbFe J+ -forming metabolite is not very similar to AABP. As neither rV-hydroxy- 
ABP nor iV-hydroxy-AABP was detected in blood, the HbFe 3 + -forming metabolite 
remained unknown. 


-4-acetylaminobiphenyl 

different times for ABP 
iftermined according to 
100 %. 


Metabolites of 4-nitrosobiphenyl in the blood of rats injected with this compound 
As attempts to detect Af-hydroxy-ABP in blood have failed, 4-mtrosobiphcnyl 
was injected into rats to elucidate why Al-hydroxy-ABP was not found. After i.p. 
injection of 10 mg/kg (54/tmol/kg) 4-nitrosobiphenyl to three rats, blood was 
obtained after 30 min and analysed. The HbFe 3 + concentration ranged from 41% to 
+7%, the concentration of ABP was 21-31 nmol/ml, and the concentration of AABP 
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9-3-36 nmol/ml, but neither iV-hydroxy-ABP, 4-nitrosobiphenyl, nor A r -hydroxy- 
AABP was found. These results indicated that the inactive nitrosobipheny! was 
reduced to the active A^-hydroxy-ABP, which oxidised HbFe 2 + and then disap¬ 
peared from the blood. Only a small portion was recovered as ABP and AABP. Red 
blood cells must therefore have a high binding capacity for AMiydroxy-ABP or 
4-nitrosobiphenyl. 

Recovery of 4-aminobiphenyl (ABP) from die blood of rats injected Kith 1 *C-ABP 

To ascertain in which form the 14 C activity had accumulated in rat erythrocytes, i 
the plasma and haemolysate of the blood of rats injected with 14 C-ABP were 
extracted with ether. Of the l4 C activity 54% was extracted from plasma and 28% 
from the haemolysate. The precipitate which formed at the interphase, during 
centrifugation, contained 57-2% of the 14 C activity of the haemolysate, indicating 
that the major fraction of the l4 C activity was associated with erythrocyte 
macromolecules, such as stromata and haemoglobin. Radiochromatography of ,4 C 
activity extracted with ether from the plasma gave three zones, which were 4'- 
hydroxy-AABP in zone 1 (5% of total radioactivity), AABP in zone 2 (30%) and ABP 
in zone 3 (61%). Radiochromatography of the 14 C activity extracted with ether from 
the haemolysate gave four zones, which were AABP in zone 1 (14% of radioactivity) 
and ABP in zone 2 (55%); metabolites in zone 3 (16%) and zone 4 (12%) remained 
unknown. 

When an aliquot of the extracted haemolysate was hydrolysed with 1 M NaOH 
and again extracted with ether, 69% of the residual 14 C activity was extracted with 
ether. Radiochromatography of 14 C activity gave three zones, which were ABP in 
zone 1 (32% of total radioactivity), zone 2 (50%), and zone 3 (11%); these metabolites 
remained unknown. 

Discussion 

Pharmacokinetics of 4-aminobiphenyl (ABP) in the rat 

The biological half-life for the 3 H activity was 17 h compared with 34h for the 
l4 C activity. Differences in the mechanisms of drug absorption from the peritoneal 
cavity and the gastrointestinal tract, and variations in bioavailabilitv due to different 
doses, may account for these differences in half-life values. 

The p K a value of 4-35 (Kieffer 1954) indicates that ABP is a weak base. From the 
Henderson and Hasselbalch equation (1) ABP is present solely in its non-ionized 
form at the physiological pH 7-35. 

TI protonated amine 

pK a -pH = Iog---—-7— (1) 

non-protonated amine ) 

Therefore, lipid-soluble ABP readily traverses the peritoneal lipoid membrane and , 
quickly reaches the systemic circulation via the lymphatic vessels (Torres et al. 
1978). 

After oral ingestion, ABP first reaches the stomach, where it is completely 
protonated at pH 1, and because ionized compounds cannot traverse the lipoid 
membrane, protonated ABP is concentrated in the gastric juice and eventually > 
precipitates. On its transport into the jejunum, ileum, and colon, where a pH of 
6-6-7-6 prevails, ABP is converted into the non-protonated form, permeates the 
lipoid membranes and appears in the systemic circulation (Schanker et al, 1957, 

1958, Hogben et al. 1957). It is also possible that the absorption of a 5-fold higher 
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dose of ABP from the gastrointestinal tract may be additionally delayed, firstly 
because the protonated ABP is precipitated on concentration in the stomach, and 
secondly, because the solubility of ABP is aqueous solutions is limited. 

The HbFe 3 + -forming metabolite in rat blood 

After i.p. injection of ABP or AABP, ABP, AABP, 4'-hydroxy-AABP, and 
HbFe 5+ were found in the blood. Because these compounds cannot oxidize HbFe 2 + 
unless they are metabolically activated, the active HbFe 3 + -forming metabolite was 
not detected. After i.p. injection of 4-nitrosobiphenyl, ABP, AABP, and HbFe 3 + 
were found in the blood, but 4-nitrosobiphenyl was no longer present. This indicates 
that 4-nitrosobiphenyl was quickly reduced to the active AT-hydroxy-ABP by the 
NADPH-dependent HbFe 3 + -reductases (Kiese et al. 1950), oxidizing HbFe 24 to 
HbFe 3 + , and was bound to rat haemoglobin. 

Analysis of rat blood following i.p. injection of 14 C-ABP has enabled a 
relationship to be established between HbFe i+ concentration, accumulation of 14 C 
activity in the blood, and binding of 14 C activity to erythrocyte macromolecules. But 
when plasma and erythrocytes were analysed separately, to determine in which form 
the 14 C activity was present, the major fraction was found in the erythrocyte 
haemolysate, and only a small fraction was present in plasma, consisting mostly of 
ABP. Basic hydrolysis of haemolysate liberated additional 14 C activity, mainly as 
ABP. Thus it appears that ABP undergoes enzymic IV-hydroxylation in the liver to 
the active /V-hvdroxy-ABP, which oxidizes HbFe 2 + to HbFe 34 in the erythrocytes 
and is itself oxidized to 4-nitrosobiphenyl. The nitrosoarene in turn becomes bound 
to the SH-groups of rat haemoglobin to give the corresponding sulphinamides and 
sulphenamides (Eyer 1985). As these adducts are not very stable, ABP is released 
either in the presence of reducing equivalents, such as GSH, or by acid or basic 
hydrolysis. However, not only haemoglobin (Snow 1962), but also the membrane of 
the red cell (Haest et al. 1981) has SH-groups. Whether these SH-groups participate 
in nitrosoarene binding is not known. Whether Af-hydroxy-ABP is the only active 
metabolite of ABP, or whether other active metabolites participate in HbFe 3 + - 
formation, will be shown in parts II—IV of this series. 
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